The Amen ' 
N eonaUI monalitv I'ates continue to decline; however, morbidity remains a concern for many neonatal intensive care unit (NICU) survivors (Epstein, 1987; Msall et aI., 1993; Robenson, Finer, & Grace, 1989; Weisglas-Kuperus, Koor, Baens, Ferrer, & Sauer, 1993) . Newborns who have suffered a brain injury as a result of prenatal, perinatal, orearl)' postnatal complications arc considered ro be at high risk for ncurodevdopmcnraJ seCJuelae. Subsequent disabilities may include motol' uisturbances, seizures, auditory or visllal deficits, bchaviOL'al disorders, and developmcnral retardation (McCormick, Brook.s-Gunn, Workm;Jn-Danie!s, Turner, & Peckham, 1992; Perkins, 1987) Early identification of in fa I1tS at risk for neurodevelopmcnral sequelae is essential so that intel"vcnrion programs may begin without delav to enhance the functional potential of these children (Infant Health and Development Program, 1990: Kruskal, Thomasgard, & Shonkoff, 1989; Ramey et ai., 1992) . Furthermore, early identification of infants at risk for disabilities with delayed manifestations (e.g, cerebral palsy or learning disability) enables more precise evaluation of the efficacy of early rehabilitation efforts (iv!cCormick, 1989; Ramey, Bryant, & Suarez, 1990 ). Accurate forecasting of major and minor handicaps in newborns at risk is therefore an important and timely issue. Occupational therapists provide an important evaluative function in the NICU (Short-DeGraff, 1988) . Nconatal neurobehavioral assessments are used to evaluate, determine, and monitor neuromotor performance in newborns at risk. During this initial assessment, occupational therapists also attempt to target those infants in need of early develormental intervention, although accurate prediction may be difficult (Einarsson-Backes & Stewart, 1992; Short-DeGraff, 1988; Sweeney, 1985) .
Several studies have examined the predictive value of neonatal neurobehavioral examinations in newborns at risk for neurodevelopmental sequelae (Allen & Carute, 1989; Drillien, 1972; Dubowitz et aI., 1984; Eendenburg et aI., 1981; Haddars-Algra, Touwen, & Huisjes, 1986; Nelson & Ellenberg, 1979; Njiokiktjien & Kut-ver, 1980; Piper, Byrne, Darrah, & Watt, 1991; Risholm, 1989; Robertson & Finer, 1985) . Although modest correlations have been reported, the rrognostic value of the neonatal neurologic examination is diminished by the high rate of false positive findings (Allen & Capute, 1989; Dubowitz et aI., 1984; Haddars-Algra et aI., 1986; Nelson & Ellenberg, 1979) . Studies have focused on neurologic outcome (e.g., cerebral palsy or other mowr deficit, microcephal)') (Allen & Capute, 1989; Drillien, 1972; Nelson & Ellenberg, 1979; Piper et aI., 1991; Prechtl, 1965) , with only a few using formal or standardized develormental assessments as measures of outcome (Dubowitz et aI., 1984; Risholm, 1989) . The population of interest generally includes infants who have been exposed to prenatal or perinatal hypoxic-ischemic conditions that may have stressed the developing fetus or neonate, thereby increasing the risk for developmental handicap. Perinatal asphyxia, preterm birth, and intrauterine growth retardation are examples of such biologic risk factors (Kopp & Kaler, 1989) .
The aim of this study was to determine the predictive value of a formal neonatal neurologic assessment, the Einstein Neonatal Neurobehavioral Assessment Scale (ENNAS), in a group of newborns at high risk for sequelae. Neuroclevelormental outcome was measured and then compared in infancy and then in the preschool years in subjects. The sensitivity, specificitv, and predictive value of the ENNAS were subsequently derived.
Method

Subjects
Inclusion criteria. High-risk newborns were selected consecutively from a level III NICU (i.e., one that provides all levels of intensive care, including neonatal ventilation, neonatal surgery, and medical support for infants \vith congenital cat-diac disease) with an ourborn population (born at another institution and subsequently transferred to.this unit). Patient recruitment occurred between 1982-1984 and 1986-1988 . Children were determined to be high risk if they met at least one of three diagnostic criteria: perinatal asphyxia, very low birth weight, and small size for gestational age. Selection criteria for the asphyXiated neonates were (a) an Apgar score of 7 or less at 5 min, (b) positive pressure ventilation reqUired at birth for at least 2 min, or (c) clinical evidence of hypoxic-ischemic encephalopathy (defined by two or more of the following: intrapartum history suggestive of asphyxia, clinical syndrome in the first week of life, and a computerized tomography scan compatible with hypOXic-ischemic changes). Infants with very low birth weight were defined as those with binh weight less than 1501 g, but appropriate for gestational age. Small for gestational age (SGA) infants were defined as those with birth weight below the third percentile for gestational age.
Exclusion criteria. Neonates with congenital malformations, genetiC syndromes, and chronic hospitalization (older than 44 weeks postconceptional age) were excluded from this study. Our cohort therefore included survivors of a prenatal or perinatal hypoxic-ischemic insult, for whom prognostication was difficult.
Of the 78 neonates who met inclusion criteria during the study period, 27 could not be assessed at term (i.e., 40 weeks postconceptional age) with the ENNAS. These included healthier premature infants discharged from hospital before 38 weeks postconceptional age (defined as gestational age at birth plus postnatal age), and the most unstable high-risk infants who were still receiving intravenous therapy, cardiac monitoring, or ventilatory support at 40 weeks postconceptional age (::!: 2 weeks). Thus 51 neonates were selected for this study.
A reference sample of 23 control subjects was selected consecutively from a well-baby nursery at a community hospital. All control subjects had an Apgar score of 8 to 10 at'j min, an unremarkable gestation and birth, no postnatal complications, and a birth weight that was appropriate for gestational age. All were full term (born at 37 weeks gestational age or later). Control subjects were recruited to ensure unbiased assessment of outcome (evaluated blindly). Furthermore they were used as a reference sample to establish the cut-off values for the Griffiths Developmental Scale (Griffiths, 1954 ) (taken to be two standard deviations below the mean of controls), so that the possible effects of the environment from which subjects were recruited (a Montreal-based population that is multilingual and multicultural) could be considered.
Subjects in the control group had a mixed socioeconomic background that was thought to be similar to that of subjects in the high-risk group (e.g., 40%-50% had at least one parent with a university degree). When information regarding both parents' education and employment was available, high-risk subjects (50%) and control subjects (90%) were scored for socioeconomic status with the Hollingshead Scale (Hollingshead & Redlich, 1958) . No significant differences were found between groups (X 2 = 1.4, df = 1, P = 0.2362). Informed consent was obtained from parents of all subjects.
Measures
ENNAS The ENNAS is a 22-item neurobehavioral assessment of the newborn that evaluates passive and active tone (lateral position preference, popliteal angle, arm recoil, head extension in tripod position, traction, head lag, active head extension in prone, and ventral suspension), primitive reflexes (rooting, suck, optic blink, grasp, Moro startle, withdrawal, tonic neck reflex, extremity movement in prone pOSition and postrotational nystagmus), anel responses to auditory and visual stimuli (bull'seye, rattle, bell, voice, face and voice) (Daum, Grellong, Kurtzberg, & Vaughan, 1977; Kurtzberg et aI., 1979) . There are four summary items: cuddliness, spontaneous movements, incidence and quality of tremor, and tonus. This neonatal assessment was developed by a group at Albert Einstein University to provide a reliable and comprehensive assessment of clinically observable neurobehavioral features of the newborn at term (Daum et aI., 1977) . It incorporates test items from existing examinations that adopt two traditions: the classical neurological approach and behavioral assessments (Kurtzberg et aI., 1979) This assessment takes apprOXimately 30 min to administer. Interobserver reliability ,vas determined to be 097 (Kurtzberg et aI., 1979) Each item is scored on an ordinal scale sequenced from minimum to maximum response (4-point scale for most items) Explicit instructions for administration and scoring are provided in the manual (Daum et aI., 1977) and the neonate's state is recorded for each item with a modification of the Prechtl classification (Prechtl & Beintema, 1964) . Each of the 22 items is scored as normal or abnormal, with the criteria established by Daum et at. (1977) . A deviant score is equal to the number of items failed; for this study, a score greater than 3 was considered to be abnormal (three standard deviations heyond the mean of control subjects) All control subjects in this study had scores of 0 to 3, with values skewed to O.
Griffiths Deue!ojJmenta! Scale. The Ramsay-Decarie version of the Griffiths Developmental Scale (Griffiths, 1954) was used to measure developmental progress in all subjects at 1 and 3 years. This version of the Widely used Griffiths scale includes minor modifications (redundant items omitted and a few new items added) of items from 6 to 12 months, and normative data for this age group were obtained from a Montreal population (Gouin-Decarie & Ramsay, 1983 ). The scale is composed of five subscales:
The American journal of Occupational Therapy locomotor, personal and social, hearing and speech, eye and hand coordination, and adaptive and reasoning skills. This assessment has the advantage over other infant developmental scales in that it objectively evaluates five areas of development, and scores are derived for each area as well as overall (general quotient), which are useful for clinical and research purposes. At 3 years, a sixth subscore is added: reasoning is divided into a performance as well as a practical reasoning subscore. The general quotient is equal to the average of all subscores Another advantage of this scale is that it may be used to retest children from birth to 5 years of age, thus scores can be easily compared over time.
Normative data for thiS scale were derived many years ago in a different country, therefore values falling below two standard deviations of the mean of control subjects were considered abnormal. As part of the design of this study, there were narrow age ranges at testing for high-risk subjects and control subjects at 1 and 3 years respectively with no significant differences between groups (see results).
Fo!/ou)-UP neurologic evaluation
A pediatric neurologist performed a standard neurologic examination on all subjects at 1 and 3 years of age and determined whether the examination was normal or abnormal. Abnormalities in developmental milestones, head Circumference, reflexes, tone, behavior patterns, and motor function were (Iocumented.
Procedure
In this ongoing prospective study, healthy and high-risk newborns were first assessed with the ENNAS as dose to 40 weeks' postconceptional age as possible (Majnemer, Rosenblatt, & Riley, 1990) . ENNAS assessments were carried out by two examiners (an occupational therapist and either a neonatologist or a pediatrician). One examiner assessed the infant while the second examiner scored the responses. If examiners disagreed on the scoring of an item, the item was reassessed at the end of the session. The subjects in the high-risk group were tested in a quiet room adjacent to the NICU. The subjects in the control group were testcd in the mother's hospital room or in a quiet area adj3cent to the well-baby nmscry. All infants were tested in a quiet, alert state. Infants who were in-itabk were comforted first, and then the examiner performed behavioral items while the neonates were swaddled in a blanket in the examiner's arms. Drowsy infants were undressed and motor items were performed fit'st to arouse the subject.
Subjects in both groups returned at 1 year corrected age and 3 years chronological agc to measure developmental progress. They were hlindly evaluated by a psychologist using the Griffiths Developmental Scale and by a pediatric neurologist. The ability of the neonatal neurobehavioral assessment (i.e., ENNAS) to predict outcome at 1 and at 3 years was then dl:termined. Two families, one with a subject with normal development at 1 year and 1 with a subject with documented developmental delay, refused 3-year testing. Subjects lost to follow-up at 3 years could not be located and had likely movecl au[ of [Own. A few subjects missed the examination by the neurologist, either because of subject fatigue after developmental assessment or because of limited availability of the neurologist (see Table 1 )
Data Ana/psis
Classificational and correlational analyses were used (Humphrey & King-Thomas, 1993; Miller, Lemerand, & Schouten, 1990) to examine the relationship between the ENNAS deviant score (neonatal assessment) and the Griffiths and neurologic examination (outcome measures). For the c1assificational analysis, categorical group designations (i.e., normal or abnormal) were applied. The deviant score as well as scores on the Griffiths scale and follow-up neurologic examinations were categorized as normal or abnormal. From these 2 x 2 contingency tables, predictive value, sensitivity, and specificity were derived. Pearson product-moment correlations between the ENNAS and outcome measures were also performed to examine the strength of the relationship between these measures.
To determine whether certain groups of items on the ENNAS had greater preuictive value than the test as a whole, items in three domains (i.e,. behaVior, which includes auditOly and visual orienting responses; primitive reflexes; and passive-active tone) were clustered to formulate three subscores (Majnemer, Rosenblatt, & Riley, 1993) . Individual items for each cluster were first scored as normal (score of 1) or abnormal (score of 2), and scores were added up to derive the ENNAS subscore. Therefore if ENNAS items were all normal, the score would be low, whereas many abnormal ENNAS items would yield a high subscore. These subscores were correlated with outcome measures. Classificational analysis was not applied to the subscores, as cut-off values for normal-abnormal were not available. 
Descriptive Slatistics
The perinatal characteristics, the age at foHow-up testing, and the ENNAS deviant scores of subjects in both groups arc presented in Table 2 . Table 3 summarizes the risk categories for subjects in the high-risk group. Ten subjects in the high-risk group (19.6%) and three subjects in the conrroJ group (13.0%) were lost to follow-ur at 3 years. High-risk newborns not followed fell ramJomly within all high-risk ca[egories, with approximately 15% to 20% attrition from each category. T-tests between those lost to follow-up and [hose tested revealed no significant differences in perinawl characteristics (i.e., Apgar, birth weight, gestational age, ENNAS deviant score), or on test performance at 1 year of age.
Performance on the ENNAS
The influence of gestarional age, birth weight, and asphyxia on tes[ performance on [he ENNAS is described in detail elsewhere (Majnemer et aI., 1993) . Statistically significant differences were found in neurobehavioral performance when subjects in the [wO groups were com- 
Peljormance on Oulcome Measures
Developmental assessment. Griffiths testing at 1 year revealed that mean scores of subjects in the high-risk group were consistently lower and more variable than [hose of subjects in the control group in all areas of development, except for Fine motor and personal and social skills, where a comparison of scores did not reach significance at p < .05. Independent I-tests demonstrated that the mean Griffiths general quotient (GQ) was significantly different (t = -1.93, df = 68, P <OS) between highrisk subjects (103.2 ± 92) and control subjects (107.7 ± 7.7). This difference in mean scores between groups became much more apparent at the 3-year testing period, which used the same scale and testing procedures (see Table 4 ). The GQ was 1005 (± 17.7) in high-risk subjects and 112.7 (± 11.9) in the control group (! = -2.63, df = 55, P = .007). Again, no significant difference between high-risk subjects and control subjects was noted in personal and social development. Mean Griffiths developmental subscores at 1 and 3 years are displayed in Figure   1 . All Griffiths developmental scores increased from 1 to 3 years in control subjects, whereas in high-risk subjects, scores dropped. for high-risk subjects, 137% had an abnormal GQ at 1 year, which at 3 years increased to 39% in the children tested. This trend was documented in all areas of development except for locomotor skills, where the percentage of subjects with abnormal findings decreased slightly (see Figure 2) . Neurologic e.xamination. Twenty-four out of 46 (52.2%) high-risk subjects had an abnormal neurologic examination at 1 year, whereas 37.8% (14 out of 37) had Table 4 abnormalities at 3 years (see Figure 2) . Eight high-risk subjects had transient neurologic findings that were no longer apparent at 3 years (e.g., mild hemiplegia, spastiC diplegia, or hypotonia that resolved), and 3 had normal neurologic exams at 1 year but were abnormal at 3 years (two had attentional deficit with hyperactivity, one had developmental delays and microcephaly). Ten had abnormalities noted on both assessments by the neurologist; four had spastic quadriplegia, 2 had spastic diplegia and were hyperactive on follow-up, 2 had hemiplegia, 1 had microcephaly, and 1 had hypotonia. Seven children with abnormalities on follow-up neurologic examination were evaluated only once by the neurologist (6 at 1 year and 1 at 3 years).
Prediction of Outcome
The predictive value of the ENNAS for subjects in the high-risk group tested at term was examined in this study. Outcome measures at 1 and 3 years included neurological examination and evaluation of development in five areas using the Griffiths Developmental Scale.
One year. Analysis revealed that fewer than 30% of subjects in the high-risk group who had abnormal ENNAS scores in the newborn period had developmental c1eficits at 1 year. Due to the high number of false positive findings, positive predictive value was low (range for developmenta] subscores was 148%-296%)(sec Table ' » Fourteen out of 23 with abnormal ENNAS deviant score had abnormal neurologic findings at 1 year, yielding a positive predictive value of 60.9% Negative predictive value of the ENNAS was strong for the five Griffiths developmental subscores, ranging between 792% and 95.8%, but was only '565% (13 out of 23) for the neurologist's examination. In other words, most subjeCts with normal ENNAS had normal developmental scores at 1 year. strong, ranging from 75% to 938% (see Tahle 5), indicating that a normal ENNAS in the newborn period continues to predict normal developmental scores at 3 years. Interestingly, there were an increased number of subjects with abnormal ENNAS that demonstrated abnormalities on developmental testing by 3 years (pOSitive rm:dierive value improved, ranging between 28% and 56%). There \Vere fewer false positive findings at 3 years than at l-year testing. SensililJitl' and specijicity. Specificity reflects the test's abilitv to correnl\' identify normally developingchildren (i.e., number of children with normal developmental outcome who had normal ENNAS initially) (Humphrey & King-Thomas, 1993) . The specificit)' of the ENNAS performed in the newborn period remained stable at app_~'oximatdv 50% (± 5%) for all developmental areas tested at 1 and 3 years with the Griffiths Developmental Scale. This finding is attributed to the significant number of false positive findings (i.e., many infants identified as abnormal who later tested as normal). The sensitivity reflects the test's ability to correctlv identify children with developmental deficits (i.e., the number of children with abnormal developmental outcome thctt had abnormal ENNAS) (Humphrey & King-Thomas, 1993) . The sensitivity of the test improved from 1 year to 3 veal's. At the l-vear testing, sensitivity scattered between 43% and 80%; however, by the 3-year testing, sensitivity of the ENNAS consistently ranged hetween 78% anu 89% for all developmental suhscores. Similarly, the srecificity of the ENNAS as a rredic-
Three years. Negative predictive value remained
Mean Developmental Scores in Healthy and High-Risk Newborns at 1 and 3 Years of Age
Personal/Social " tor of the follow-up neurologic examination at 1 veal' allll ncwborns were evaluated in the newborn period with a 3 years remained remarkably stable (59.1% to 56.'')% );
formal neonatal neurobehavioral assessment (ENNAS) however, sensitivity improved (')8.3% to 78.6%) (see Ta- and were reevaluated at 1 and 3 years of age with the ble 6) Griffiths Developmental Scale and a follow-up neurologic Correlalions. Pearson product-moment correlations examination to determine neurodevelopmental progress. between neonatal and outcome measures revealed a sigSubjects in the control group demonstrated an increase nificant negative correlation (jJ < .05) between the in mean Griffiths developmental scores from 1 to 3 years ENNAS deviant score and most Griffiths c1evdopment31 of age. One may speculate that this may be related to scores at 3 years (except for locomotor and re<lsoning some extent to the increasing participation of children in suhscales) R values ranged from -.:33 to -.44. Similarlv, structured preschool programs from an early age; howevthe ENNAS deviant score con-elated with the neurologic er, this speculation warrants further investigation. In conexam at 3 years (p < .05, r = .34). Of all ENNAS substrast. for the subjects in the high-risk group, mean Grifcores, reflexes achieved the strongest correJations. The fiths deve!ormental scores decreased from 1 year to 3 reflex subscore cOl"reiated significantly with all I-veal' GrifVe<lrs in all areas exccpt for gross motor skills, and were fiths developmental scores (r = -.33 to 41), ancl four of significantlv lower th<ln those of the subjects in the con- creased substantially from the I-year (13.7%) to the 3-with the Griffiths outcome measure, the higher the ENveal' testing (39%) High-risk newborns are at risk for NAS deviant score or subscore (increasing number of sustaining a varier)! of patterns of perinatal brain injUry items failed), the lower or the more abnormal the Grifsuch as selective neuronal necrosis, parasaggital cerebral fiths developmental scme.
injun! or periventricular leucomalacia that involve cortical and subcortical structmes differentially. The extent and distribution of the insult to the brain will determine the
Discussion
Ilature of the sequelae (Volpe, 1987) . In our cohort of
In this prospeCtive study, healthy full-term and high-risk subjeCts in the high-risk group, sequelae became increas-
The American Journal of Occupalional Therapy ingly apparent from 1 year to 3 years, and concomitantly the predictive value of the ENNAS increased. The data in this study indicate that many children with abnormal neonatal neurologic findings demonstrated developmental difficulties only by 3 years of age (i.e., false positives became true positives). The abnormalities on the ENNAS observed in the neonatal period may be indicative of patterns of injury that result in deficits that manifest only later in development (i.e., at preschool and school age), as opposed to earlier in infancy. Many occupational therapists may now follow newborns with abnormal neonatal neurobehavioral assessments through infancy (e.g., 0-12 months), and subsequently discharge them if develorment appears normal at this time. The findings suggest that periodic reevaluation through [he preschool years and perhaps to school age may be necessary in these children.
This study reinforces the conclusions of previous studies that emphaSize the good negative predictive value of the neonatal neurobehavioral assessment (Allen & (Allen & Caru[e, 1989; Drillien, 1972; Prechtl, 1965 years. This suggests that perhaps neuromotor performance is not the only au [come that should be considered. The data collected in this study therefore indicate tha[ developmental sequelae manifest primarily in the preschool years, and [hat an abnormal neonatal neurologic examination appears to best predict difficulties in more advanced skills, notably in language and cognitive domains.
Our findings suggest that normal neonatal scores correlated with good outcomes, whereas children with developmental deficits in childhood (as measured by the Griffiths scale) were more likely to have had a greater number of abnormal items on the ENNAS (with the subscores). This confirms the findings of Dubowitz et al. (1984) and Ellenberg and Nelson (1981) who reported the association of a greater number of abnormal items with lower developmental quotients on follow-up. Traditionally, a total score or overall impression is derived for most formal neonatal examinations, [0 determine whether the findings are normal or abnormal. We evaluated whether clustering similar items [0 yield three separate ENNAS subscores achieve stronger correlations. For the ENNAS subscores, reflexes correlated best (although this was only a moderate correlation) with development at 1 years anel 3 years, suggesting that the reflex items may contribute most to the predictive validity of this screening tool. Cut-off values (i.e., normal and abnormal) would need to be established on a larger cohort of subjects in the control group, so that the predictive value (and sensitivity and srecificity) of these subscores could be ascertained.
Study Limitations and Conclusions
In summary, at 3-year testing, the ENNAS was found to have a very good sensitivity (78%-89%) for neurologic status as well as uevelopmental outcome across five domains. Specificity remained stable at approximately 50% Underreferral rate in our sample was Jow, as children with developmental deficits were not likely to be missed by the ENNAS (Humphrey & King-Thomas, 1993) . However, clinicians should use this screening tool for identifkation of developmental delay in high-risk newborns with caution, as the overreferral rate (those recommended for early intervention who will develop normally) is somewhat high because of false positive findings, Therefore, results of neonatal neurobehavioral assessment should be viewed in conjunction with other neurodiagnostic tests (e.g., evoked potentials, neuroimaging) that have predictive value, to make indiviuualized clinical decisions regarding prognosis. A further limitation of this study is that neonates were excluded if they could not I,e tested at term. That is, patients who were medically unstable and still requiring intensive care and patients who were already discharged could not be included in our cohort of subjects in the high-risk group. However, this limitation applies to any formal or standardized neurobehavicmJi assessment of the newborn at term. Therefore, the cohort selected would represent the population of interest for the use of thLs too!' Con founders such as socioeconomic status and cointerventions were not specifically controlled for in all subjects, and should be considet'ed in future studies in this area. AJthough socioeconomic status may influence developmental outcome, it should nor influence the findings on neonatal neurobehavioral assessment (e.g., ENNAS); therefore it could not explain the closer association of the ENNAS with the outcome measures used later in development.
To prevent or minimize disability in infants at nsk for developmental deficits, ftnclings on neonatal neurobehavimal assessment may be helpful to guide practice decisions. Occupational therapists may be instrumental in identifying those NICU graduates who may not need earlv intervention, Appropriate early intervention programs may be directed to those identified as being most C1t risk for sequelae (i.e" those with ahnormal neonatal assessments as well as abnormalities on other neurodiagnostic tests). Recent randomizeu controlled trials suggest that specific modeLs of intetvention that proviele parent support as well as developmental stimulation and ecluc<Jtion-al enrichment may improve occupational performance
The American Journal 0/ Occupational Therapy (Ramey et aI., 1990; SCOtt & Spiker, 1989) . Intensive intervention programs are costly if proVided for all NICU SUlvivors; however, if implemented on specific target populations that have been identified to be most at risk, cost-effectiveness of these pl'Ograms substantially improve (McCorm ick, 1989) . .&
